Background: In developing countries like Ethiopia where there is no vital events registration system and laboratory diagnosis is lacking, causes of death in under-five children and its determinants could not be well known.
Introduction
The 20 th century witnessed dramatic decline in under-five mortality in almost all countries of the world, regardless of initial levels, socio-economic circumstances and development strategies. However, more than 10.8 million children younger than 5 years die every year mostly from preventable causes. Six countries accounted for 50% of worldwide deaths in children younger than five and 42 countries for 90 % (1). Child mortality varies among world regions, and these differences are becoming wide. In 2000, there were 175 deaths per 1000 live births in Sub-Saharan Africa and only 6 per 1000 in the industrialized countries, which is a 29 fold difference (1, 2) .
In Ethiopia under-five mortality rate is among the highest in the world. Nearly one out of 10 babies born in Ethiopia does not survive to celebrate its first birthday. One out of every six children dies before the fifth birthday (3, 4) .
In 2000, as part of the millennium development goals for health, nations pledged to ensure a two-third reduction in child mortality by 2015, from the base year 1990 (5) . To achieve these goals, understanding of determinants of under-five mortality and implementing appropriate intervention is expected from each nations of the world. Determinants of mortality can be depicted using conceptual framework developed by Mosley and Chen. This framework consisted of socio-economic and proximate determinants (6) . The socio-economic determinants such as income, social status and education indirectly affect under-five mortality through the operation of proximate determinants of maternal factors like (age, parity, birth order etc…), and as well as environmental, nutritional, injury and behavioral factors (6) .
To plan and implement child survival interventions, the socio-economic and proximate determinants should be measured through population-based researches. Causes of under-five death and the determinants are not well explored in Ethiopia. This study was conducted to fill this gap with the objective of assessing causes of underfive deaths and the determinants in a community setting at Gilgel Gibe Field Research Center.
Methods
A case-control study was conducted from December 12 to 27, 2005 (7, 8) . In the study area the total population was 42,290 with having 8,859 households. Of the total population under-5 children constituted 17% (8) .
The source population was all under-five children around Gilgel Gibe Field Research Center. Whereas the study population consisted of cases of under five-children who died in the period between August 27, 2004 and September 22, 2005 and live controls of the same age (+/-2 months).
The sample size was calculated using Epi-Info 6.04 statistical software by considering that the proportion of poor mothers among the controls of 74% (main exposure variable) which is estimated from other study (9) , 95% CI, 80% power of the study and control to case ratio of 1:1 to detect an odds ratio of 2.27 which is estimated from a study done by others (10) . Accordingly, 171 cases and 171 controls (a total sample size of 342) were included in nine kebeles.
To calculate sample size, main exposure variables such as maternal education and income were considered. Poverty was chosen as an independent variable since it gave maximum sample size as Compared to others. Poverty also affects under-5 mortality across all age groups: neonate, post-neonatal infants and children (2, 10) . Cases were identified by the baseline survey which was conducted two months prior to the present study. House number and name of the household were used to find the cases. After finding the case, one control of the same age (+/-2 months) was selected from the next house (neighbor) using a code of house number in ascending order.
Data was collected using structured questionnaire. The questionnaire had two parts. In the first part, socioeconomic and proximate determinants of under-five mortality were addressed. In the proximate determinants, the following were included: reproductive factors, environmental determinants, behavioral factors which included practice, knowledge and perception based on Health Belief Model approach; nutritional factor (breast feeding pattern and practice), and child factor (immunization). Cause of death using verbal autopsy was considered in the second section. The verbal autopsy was adopted from World Health Organization (WHO) with some modification in accordance with the local situation (11) . The questionnaire was first translated into Amharic and back retranslated into English by other experienced people to check its consistency. Important medical terminologies in the questionnaire were also translated into local language (Oromifa). The instrument was pretested in 10% of the sample size in the same population before it is used for the actual survey. Data was collected by trained high school completed persons who are involved in registration of vital events at the Field Research Center. The data collectors were trained for 2 days. Principal investigators strictly supervised data enumerators and the completeness of the questionnaire was checked every day.
To be edited, cleaned and analyzed, the collected data were entered into a computer using SPSS version-12 and Epi-Info 3.3.2 software. In the first setup Bivariate analysis was employed to see the association between proximate determinants versus socio-demographic variables and mortality. Then, to control the effect of confounding factors, logistic regression analysis was done. In the first model, socio-economic factors were considered whereas the second model included proximate determinants. In both models, variables were included based on their biological plausibility after reviewing different literatures and their P-value (P<0.1) in the bivariate setup. The effect of breast feeding was assessed for children above 7 days of age to control for reverse of causality. Vaccination status was also assessed for children above 42 days since this variable is time dependent and most antigens are not given before 6 weeks. The final model was constructed using stepwise logistic regression method. Variables which showed statistically significant association in each model were included in the final model. Causes of death were determined using expert algorism from another study (12) . The expert algorism incorporates major prevalent diseases in the country and is assumed to measure multiple causes of death. The expert algorism was validated in different developing countries (11) . However, we didn't conduct validation study in the present study due to financial constraints.
Operational definitions
Knowledge:-Six knowledge questions were presented and correct answer was given score 1 and incorrect answer was given score 0. The sum was computed and those who scored above the mean were labeled as having 'good knowledge'.
Perception:-Perceived severity, perceived susceptibility, perceived benefits and barriers were assessed using Likert Scale Method (1. strongly agree 2. agree 3. neutral 4. disagree 5. strongly disagree) and mean scores for each construct were computed and dichotomized into positive and negative. If a respondent scores below the mean she/he would be labeled as having positive perceived severity, susceptibility, benefits and barriers. Practice:-Five questions related to practice were presented. These questions were related to use of foods or breast milk or home made fluids and/or Oral rehydration salt during illness, use of insecticide treated bed nets (ITN) and place of treatments when a child is sick. Correct answer was given score 1 and incorrect answer was given score 0. The sum was computed and (2) those scoring above the mean were labeled as having 'good practice'. Socio-economic status was assessed using wealth score which consisted of income, presence of latrine, safe water (water from tap water or protected well or spring) and radio. Income >=100 ETH Birr per month, presence of radio, latrine and safe water supply were given score one and other categories were given score 0. The sum was computed and respondents who score above the mean were labeled as rich and respondents who scored below the mean were labeled as poor. Monthly income was dichotomized using 100 Birr as a cut off point. The rationale was that income <100 Birr per month was found to be strong predictor of infant survival around the same area (13) . To calculate total monthly income, salary or other monthly income and annual income from production of common cereals in the area (teff, maize, sorghum, and pepper) were considered.
Written consent was obtained from the ethical clearance committee of Public Health Faculty of Jimma University and local administration of the Kebeles. Oral consent was obtained from the respondents. If there was any sick child, caretakers were advised to take the child to the nearest health institutions. Finally, the result was disseminated to the community and relevant government offices.
Results
In the baseline survey, a total of 185 under-five deaths were registered, making under-five mortality 130.9 per 1000. Neonatal and infant mortality rates were 38 and 76.4 per 1000 live births, respectively. From the total deaths, 168 (91%) of them were included in the present study. Among 168 deaths, neonate (<=28 days), postneonatal infants (29 to 359 days) and children (1-5 years) accounted 31.5%, 27.4% and 41.1% respectively.
For each case, one control from the neighbor was selected and which makes the total study population 336. The mean age of children was 17.7 months and males accounted for 59% of the study population. Ninety-five percent of the respondents were Oromo and Muslim. Majority of the mothers (96%) were below elementary school. The mean age of respondents (mothers) was 28.3, SD=5.9 ( Table 1) . 
Causes of Death:-

17.2).
Fifteen percent of the causes of deaths were unspecified as depicted in Table 2 . The top cause of death for infants older than 28 days and children were pneumonia, malaria, diarrheal diseases, and meningitis. As shown in Table 3 , malaria is the second cause of death next to pneumonia for infants older than 28 days and the third cause of death next to pneumonia for children age 1 to 5 years. Diarrheal diseases (acute diarrhea, persistent diarrhea and dysentery) were the leading cause of death for children above 1 year. Severe malnutrition and measles were the two important contributing factors for 12% and 7% of deaths in post-neonatal period. Injury and HIV/AIDS accounted 3% and 2% of deaths respectively in children 1 to 5 years (Table-3 To assess the impact of breast feeding, the study was restricted to children older than 7 days to avoid including neonatal deaths that were not likely related to infant feeding mode. Children who were not breastfed were 6 times more likely to die compared to those who were breast fed. However, this finding was not statistically significant, OR=6.25 (95% CI: 0.74, 52).
Since most of the antigens of vaccines are not given immediately after birth, the effect of vaccination was also assessed for children whose age was greater than 6 weeks. This might give the deceased children equal chance to be vaccinated as the survivors. Under-five mortality was highest for unvaccinated children compared to those who were vaccinated at least once, OR=4. Among the behavioral variables, high risk of under-five mortality were observed when the mothers had no good practice, negative perception on severity of illnesses, negative perception on benefits of some modern treatment. There was a statistically significant association between practice and perceived benefits with under-five mortality after controlling the effect of other variables. Mothers who had no much practices to common illnesses had 9 times more likely to have under-five mortality compared to mothers who had good practices, OR=8.97 (95% CI: 5.32, 15.29). Similarly, respondents who had negative perceived benefits towards modern treatment to common illnesses had 1.7 times more likely to have child deaths as compared with their counterparts, the OR being 1.74 (95% CI: 1.01, 3.04) ( Table-4 ).
The final model was constructed using stepwise logistic regression method. Variables which showed significantly associated in each model such as maternal education, birth interval, practice of mother, perceived benefits were included in the final model. Finally, maternal education, practice and perception of mother on the severity of illness and benefit of some treatment were found to be independent predictors of child survival. As shown in Table 5 , children whose mothers were below elementary school were 14 times more likely to die compared to children whose mothers were above elementary school. Mothers who hadn't good practices had 4 times more likely to have child deaths compared to mothers who had (2) good practices. Mothers who had negative perception on the severity of illness had 2 times more likely to have under-five mortality compared to mothers who had positive perception on the severity of illness. Similarly, respondents who had negative perception on the benefit of some treatment had 1.8 times more likely to have under-five mortality compared to mothers who had positive perception on the benefit of some treatment (Table-5 ). 
Discussions
There have been a few studies on the determinants and immediate cause of death related to under-five children in Africa. Population based case-control study such as the present study is the method of choice to ascertain determinants and immediate causes of death in developing countries like Ethiopia. This study has provided pertinent information about the causes and determinants of death in under-five children for decision makers. The study also tried to control many confounding variables. However, it might have some limitation such as recall bias on symptoms of illness and risk factors. Misclassification of cases in some diseases might occur due to less sensitivity and specificity of the verbal autopsy tools. Infant mortality rate (IMR) seems to be declining as compared to that of the national and other community based studies conducted in Butajira and southwestern Ethiopia a decade back. However, neonatal mortality rate is even higher than the figure which was obtained a decade back (14, 15) . This could be due to lack of intervention strategies which focus on neonatal survival. In using verbal autopsy questions, multiple causes of deaths might be possible due to the same environmental or behavioral factors or existence of co-morbidity by chance. Measles and malnutrition, for example, can be further complicated by diarrheal diseases or pneumonia. Some diseases like measles and neonatal tetanus, which have very distinctive symptoms, can be diagnosed with high sensitivity and specificity using verbal autopsy. However, systemic diseases such as malaria, which has no particularly distinctive features, and shares many symptoms with other common childhood diseases such as acute lower respiratory infections, might be diagnosed with low sensitivity as observed in other studies (11) .
In our study, prematurity, pneumonia, neonatal tetanus and sepsis were the major causes of deaths during neonatal periods which has similarity to other studies (10, 16) . Neonatal tetanus which is eliminated in many middle-income countries is still the major cause of death in the study setting. This could be due to low coverage of vaccination of mother with tetanus toxoid and high prevalence of unskilled deliveries as observed in the baseline survey (8) . Significant numbers of neonatal deaths were unspecified which could be due to recall bias. The major causes of deaths in post-neonatal periods were pneumonia, diarrheal diseases, malaria and meningitis. This finding is consistent with other studies (10, 17) .
Severe malnutrition and measles respectively accounted about 12.3% and 7.1% of deaths in post-neonatal period. Though we did not assess all forms of malnutrition the prevalence of malnutrition as underlying causes of death is low as compared to other studies (2) . Several factors such as indoor air pollutions, health seeking behavior, accessibility and utilization of health services could contribute to the high burden of pneumonia in the study settings. Malaria is becoming the major cause of death in post-neonatal periods. This could be due to the appearance of Gilgel Gibe Dam, artificial lake which is favorable environmental conditions for malaria, and low utilization preventive measures such as usage of treated bed nets for under-five children. It was observed that communities around the artificial lake were more likely to have epidemics of malaria (18) . This might need further study on the effect of the dam on the incidence of malaria. The fact that malaria is not suitable for verbal autopsy due to its non-specific presentation might also obscure its true prevalence. Based on pediatrics case definition, HIV/AIDS is contributing about 2% of post neonatal deaths. In other study, HIV/AIDS accounted 3% of under-five deaths (2) whereas in our study, the prevalence might be underestimated because HIV/AIDS is not suitable for verbal autopsy due to its nondistinctive features.
Among the socio-economic factors, maternal education was significantly associated with under-five mortality. This fact had been confirmed by different literatures in different countries (3, (19) (20) (21) (22) (23) . However, the very wide confidence interval of the odds ratio of maternal education in the present study is an indicative of inadequate sample size. Under-five mortality was doubled in mother less than 20 years of age compared to above 20 years as observed in other studies (23, 24) .
Among the intermediate variables, vaccination status of the child and next birth interval were significantly associated with under-five mortality. Breast-feeding was also protective of under-five mortality although it was not significant. This non-significant finding in our study could be due to small sample size. The importance of breast-feeding and vaccination as protective factors of under-five mortality were mentioned in different literatures (10, (24) (25) (26) (27) (28) . Next birth interval was significantly associated with under-five mortality. The attention of mothers to the newborn baby and neglecting the older sibling in giving care might have contributed to the high number of death of the older children. Family planning and antenatal care follow-up were not associated with under-five mortality, unlike other studies (19) . This could be explained by homogeneity of the study population with respect to these variables. None of the environmental risk factors were associated with mortality which is in contrast to other studies (17, 19) . The main reason could be either due to similarity of the study population with respect to most of the environmental variables especially housing conditions or source of water for drinking.
The effects of behavioral variables on survival of children were assessed using health belief model. Good practice and positive perception of mothers on the severity of illness and benefit of some treatment were protective for under-five mortality. Although it was not based on health belief models, some practices such as no action for diarrhea, acute respiratory infections and malaria were associated with high mortality in the Butajira study and other study elsewhere (2, 29) . Positive perceived benefits for some treatments were found to be protective of under-five mortality. Mothers who had positive Perceived severity and benefits were more likely to take the aforementioned actions. Mothers who had negative perception on the above actions might seek help from traditional means which might not be helpful for the survival of the child. In the final model, most of the variables which were statistically significant in each component of the conceptual framework retained their significance. Maternal education, practice, perception on (2) benefits of some treatment and severity of illnesses are the predictors of under-five survival. In conclusion, neonatal mortality rate has increased as compared to the result of other study conducted a decade back around the same area. The major causes of death in under-five children are pneumonia, malaria, diarrheal diseases, low birth weight, meningitis and neonatal tetanus. Among many variables, vaccination status, maternal education, practice and perception of mothers on severity of common illness and benefits of some modern treatment were the best predictor of under-five mortality. Cognizant of this fact, we recommend that mothers should be trained to practice key child survival interventions like antenatal care follow-up, skilled-based delivery, use of oral rehydration salt and home made fluids, vaccination and impregnated bed nets (ITN).The literacy status of women should be improved so that they can care their children for better child survival.
